Central venous catheterization is performed by the landmark method and ultrasound guided method. The purpose of the study was to compare the success, average number of attempts, average time to return of blood, and complication rate between the two methods.
Central venous catheters (CVC) are reserved for patients in the intensive care unit, in the operating theatre, at medical or surgical wards, in elective or urgent procedures [1] , as a part of everyday medical practice [2, 3] . In the United States, over 5 million central venous catheters are placed every year [4] .
For CVC placement usually internal jugular vein (on the neck) [5] , subclavian vein (under the clavicle) [6] and femoral vein (under the inguinal ligament) [6] are used depending on the situation, need, indication and patient characteristics. The preferred vein is punctured either by using the landmark method (when external anatomical landmarks are used) or by using ultrasound (US).
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After the return of the venous blood from the targeted vessel a guidewire is passed through the needle, the needle is removed and the catheter is placed over the guidewire into the vein -Seldinger technique [9] .
However, both techniques have some degree of risks for failure and complications. The landmark method can have a failure rate of 35% and an overall complication rate of 26% [7, 8] . Different modalities of ultrasound, among other efforts, have been used in an attempt to reduce the complication rate and increase the success rate of central venous catheterization [4, 10, 11] . Ultrasound can be used as static or dynamic. When static ultrasound is used the targeted vein is visualized on the US monitor and the skin is marked for the puncture site. The actual catheterization is performed blindly as with the landmark method. When dynamic ultrasound is used the whole procedure is guided by ultrasound control from skin puncture to guidewire placement [10] . The use of ultrasound enables visualization of the targeted venous vessel and its anatomical relationship with the surrounding structures and with the needle for catheterization. It allows detection of anatomical variations like vein and artery transposition and overlap. The use of ultrasound also, enables visualization of the correct position of the vein, its size, patency and eventual thrombosis, which is especially useful in patients with difficult anatomical characteristics (morbid obesity, cachexia, and scars on the skin at the puncture site). This allows the practitioner to choose the best skin puncture site [11] .
Recommendations on the use of ultrasound for central venous catheterization have been made by many medical societies and government agencies like the Agency for Healthcare Research and Quality, the National Institute for Health and Clinical Excellence in the UK, the American Society of Echocardiography and the Society of Cardiovascular Anesthesiologists [10, 12] . Despite these recommendations, the use of ultrasound for central venous catheterization remains low [13] . We have been using the ultrasound guided method in our intensive care unit for two years now.
The purpose of this study was to compare the success rate between ultrasound guided and landmark based central venous catheterization. In addition, the study included an analysis of the average number of attempts, average time to the return of blood, and the occurrence of mechanical complications (arterial puncture, pneumothorax and hematoma formation).
MateriaL and MetHodS
This was a prospective study done during the period of 2015 and 2016 in the general intensive care unit at the Acibadem, Sistina Clinical Hospital in Skopje. After the approval by the ethical board at our hospital, a patient consent was obtained. Four hundred adult (18-70 years old) patients, with an indication for central venous catheterization were enrolled for the study. Patients were randomly (computer generated randomization) divided into two groups, group A (n=200) included patients where for the CVC placement the ultrasound method was used and group B (n=200) included patients who underwent CVC insertion with the landmark technique. For both groups of patients, the internal jugular, subclavian and femoral veins were used to get access to the central venous circulation. The placement of the CVC for each group was done by the same experienced team and under sterile technique (sterile cap, mask and gown).
The success rate, time to venous blood return, and mechanical complications were recorded for both groups.
A maximum of three attempts were allowed at the catheter site. An unsuccessful attempt was declared when after skin puncture, needle advancement and needle withdrawal there wasn't a return of venous blood from the targeted vein. After three unsuccessful attempts the procedure was terminated at the given site and declared unsuccessful. Time was measured from skin puncture to return of venous blood. Mechanical complications like arterial puncture, pneumothorax and hematoma were recorded. A pulsatile flow of bright red blood from the needle was a sign of arterial puncture. In such cases the needle was withdrawn from the skin and manual pressure was applied until hemostasis was achieved. Hematoma formation on the skin access site bigger than 1 cm in diameter was recorded. A radiographic examination of the lungs was made 6 hours after the procedure to check the catheter's position and check for pneumothorax.
All patients with subcutaneous emphysema, undergoing radiation therapy, skin inflammation at the insertion site, fractured clavicle, cardiac arrest, urgent patients, and patients with raised intracranial pressure were excluded.
LANDMARK TECHNIQUE
For the landmark method, the site for catheterization was chosen by the doctor doing the procedure depending on patient characteristics, anatomical landmarks, indication for catheteriza-tion, and his/hers experience. The first choice for landmark based central venous catheterization in our institution are the subclavian and jugular veins, while femoral vein is the second choice [14] [15] [16] .
Anatomical landmarks for internal jugular vein catheterization were the medial border of the sternocleidomastoid muscle and the pulsations of the carotid artery. Subclavian vein was catheterized 1 centimeter below the junction of the medial and the lateral two thirds of the clavicle bone, and the femoral vein was catheterized two centimeters below the inguinal ligament and 1 centimeter medial of the palpable pulsations of the femoral artery [6] .
For the jugular and subclavian vein catheterization the patients were placed in Trendelenburg position of 15 degrees and for femoral vein catheterization patients were placed in a horizontal position. The skin at the entry site was disinfected with 2% solution of chlorhexidine or 1% solution of betadine and was covered with sterile drape. The catheterization needle attached to a 5ml syringe with 2ml physiological solution was slowly advanced to the expected position of the targeted vein with continuous aspiration applied with the syringe clip. After the return of the venous blood in the syringe the needle guide was inserted and the procedure was finished according to the Seldinger's technique [9] .
US METHOD
The jugular vein was the first choice for ultrasound guided central venous catheterization and the subclavian and femoral veins were the second choice [10] . An ultrasound exam was done before the procedure to determine the vein's position, its caliber and patency [17] .
For the jugular vein catheterization, the ultrasound probe was applied on the lateral aspect of the neck. For the subclavian vein the probe was placed on the anterolateral aspect of the thorax 1 centimeter below the clavicle and for the femoral vein on the anterolateral aspect of the femoral region 2 centimeters below the inguinal ligament [6, 12] . A non-compressible vein (thrombosis) or a vein diameter below 0.5cm was an indication to use the same vein at the contralateral side or to use a different central vein for catheterization.
Patient preparation and positioning was the same as for patients in the landmark group.
For the ultrasound guided catheterization, an ultrasound machine General Electric e-Logic and a linear transducer 5 to 10 MHz was used. Asepsis was achieved with sterile gel and sterile cover for the probe, Figure 1 . Figure 2 and Figure 3 show The ultrasound probe was applied in a 90-degree angle to the long axis of the targeted vessel and the needle for catheterization was inserted at the middle of the long axis of the probe to achieve a short axis out of plane approach [10] . With this approach the needle is shown as a hyperechoic dot on the US-monitor while the venous and arterial vessels are shown as hypoechoic oval and circular structures with well-defined borders. The vein is centered into the middle of the screen with slight movement of the probe and the needle was carefully advanced under ultrasound guidance until the anterior wall is punctured and venous blood is aspirated in the syringe connected to it. After documenting the return of the venous blood the Seldinger's technique for catheterization was used.
reSULtS
The study included 400 patients divided into two groups. The average age of the patients in the ultrasound group was 59.3 years and the average age of the patients in the landmark group was 59.2 years. The statistical difference between the groups for the average age is not significant. (Table 1 ) Male and female patients were equally represented in both groups. Both groups were homogenous regarding gender and age.
In the ultrasound group the jugular vein was catheterized in 41% of patients, the subclavian vein in 35.5% and the femoral vein in 23.5% of the patients.
The most commonly accessed vein in the landmark group was the subclavian vein in 45.5% of patients. The jugular vein was catheterized in 43%, while the femoral vein was accessed in 11.5% of patients.
The difference between the groups for vein representation is statistically significant for the subclavian and femoral vein p<0.05 (p=0.0416, and p=0.0016) ( Table 2 ).
In the ultrasound group 196/200 (98%) of patients were successfully catheterized with the ultrasound guided catheterization while the landmark method was successful in 181/200 (90.5%) of patients. The difference test was statistically significant for p<0.05 (p=0.0013).
In the ultrasound group the success on first attempt was 77% which was a significant increase from 60.5% achieved in the landmark group p<0.05 (p=0.0032).
The average number of attempts for successful catheterization in the ultrasound group was 1.25 (standard deviation=0.511), and in the landmark group it was 1.52 (Standard deviation=0.810). There was a statistically significant difference in the average number of attempts between groups for p<0.05 (t-test=4.009, p=0.000074).
On the average 13.6 seconds (standard deviation=11.6) were needed from skin puncture to blood return in the ultrasound group. The time was significantly increased in the landmark group 20.1 (standard deviation=20.3) due to the increased number of attempts and increased complication rate (t=3.85, p=0.000139) ( Table 3) .
diScUSSion
Central venous catheterization is commonly performed in the intensive care unit. According to the study on prevalence of infection in the European intensive care units, 78% of patients have a central venous access device [18] . Central venous catheters are placed for fluid and medication administration, pacing, hemodialysis and for hemodynamic monitoring [19] .
Traditionally for the landmark method, visible and palpable external landmarks with known relation with the targeted vessel are used to determine the puncture site on the skin [6] . This method is associated with complications that result in increased morbidity, longer hospital stay, increased expenses and mortality [4] . Nine percent of patients have abnormal central venous anatomy that makes central venous catheterization difficult and increase the risk of failure and complications [20] . The percent of failure with the landmark method can be as high as 35% [8] . Complications are usually divided to early which occur during the catheterization and are mostly mechanical and late mostly infective and thrombotic in nature. The frequency of mechanical complications range between 5% and 19% [7] . Most common complication during jugular and femoral vein catheterization is arterial puncture. Pneumothorax is the most common complication during subclavian vein catheterization [4] .
The use of direct ultrasound for central venous catheterization enables direct visualization of the targeted vein and surrounding structures before and during the catheterization. Studies show increased success and reduced complication rate with the use of direct ultrasound [17, 19, 21] . Some studies report that two dimensional ultrasound offers minimal advantage in safety and quality during central venous catheterization of the subclavian vein (lower percent of arterial puncture and hematoma) and femoral vein (higher first pass success) [11] . The results of our study show that the ultrasound guided method is superior for central venous catheterization in intensive care patients compared to the landmark method.
The overall success with the landmark method was 90.5% which is in concordance with other reports where the overall success ranges between 85% and 100% [8, 17, 19, 21, 22] . In our study, in 60.5% of the patients the catheterization was achieved in the first attempt. The incidence of arterial puncture with the landmark method was 8%, while the incidence of hematoma formation and pneumothorax was 16% and 3.955% respectively. The incidence of these complications in the literature ranges between 10.6%-13% for arterial puncture [19, 23, 24] , hematoma formation 4%-8.4% [19, 23] and pneumothorax 1%-6.6% [25] [26] [27] . The higher rate of hematoma formation in our study appears as a result of the lower threshold of hematoma reporting of 1cm in diameter.
The use of dynamic ultrasound resulted in higher overall success, the higher first pass success, shorter average time to the return of blood, the lower average number of attempts and the lower percent of mechanical complications, arterial puncture, pneumothorax and hematoma. These results correspond with other reports on the effect of dynamic ultrasound on the central venous catheterization [10, 17, 19, 21, [28] [29] [30] . The study by Karakitsos et al. (19) reports an overall success of 100% using ultrasound and 94.5% with the landmark technique. Fragou et al. [17] also achieved a success of 100% in the ultrasound group whereas Neither arterial puncture nor pneumothorax were recorded in the ultrasound group in the study by Fragou et al. [17] as in our study. All doctors in the study had a similar experience with the ultrasound method so a conclusion regarding the influence of experience on the success and complication rate during this procedure could not be made. The short axis out of plane approach was used in all catheterizations. During this approach the needle tip is not always seen so there is a greater risk of damage of deeper structures (10, 31) . Even so, no pneumothorax was seen in our patients.
concLUSion
Ultrasound guidance during the central venous catheterization in intensive care patients increases overall, and the first pass success compared to the landmark method. At the same time the average time for return of the blood and the average number of attempts, as well as the arterial puncture, pneumothorax and hematoma formation are significantly reduced.
